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Abstract
The effects of medium components affecting lipase production by Aspergillus  niger  AS-02 using sheanut cake (SNC) were
studied based on the one-factor-at-a-time (OFAT) method and the face-centred central composite design (FCCCD). Of the six
medium components analysed by OFAT, three (Tween-80, (NH4)2SO4 and Na2HPO4) were subjected to FCCCD. Under optimized
conditions, the obtained lipase production showed good agreement between the experimental (49.37 U/g) and predicted (48.81 U/g)
yields, with a coefficient of determination (R2) of 0.96. The optimum medium components were 1.0% (v/w) Tween-80, 0.35% (w/w)
(NH4)2SO4 and 0.40% (w/w) Na2HPO4. The findings in this study showed that, in addition to lipase production, the fermented SNC
had reduced tannin and saponin contents, which are the major components that limit the use of SNC in feed formulations.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction
Renewable agricultural residues have been used to
synthesize different products, including biopolymers [1],
enzymes [2] and biofuels [3]. The valorization of these
residues is based on their abundance, comparative low
cost and environmental friendliness. This is justified by
the number of reports on the utilization of agricultural∗ Corresponding author. Tel.: +234 8030729683.
E-mail addresses: aliyu.salihu@gmail.com,
aliyusalihu@abu.edu.ng (A. Salihu).
Peer review under responsibility of Taibah University.
http://dx.doi.org/10.1016/j.jtusci.2015.02.011
1658-3655 © 2015 The Authors. Production and hosting by Elsevier B.V. on 
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).omponents
residues for hydrolytic enzyme production (e.g., pro-
teases, lipases and carbohydrases), which constitutes
more than 95% of the total enzyme market [4].
Lipases (triacylglycerol acyl hydrolases (EC 3.1.1.3),
which account for up to 10% of the enzyme market, are
widely used in different processes of industrial impor-
tance based on their ability to catalyse both synthetic
and hydrolytic reactions [5,6]. Some of the industrial
applications that employ the use of lipases include bio-
fuel production, detergent formulation, fine chemical
synthesis, perfumery and cosmetics, leather processing,
pharmaceuticals and medical diagnostics, food and feed
processing [7,8]. Thus, the uniqueness of lipases overbehalf of Taibah University. This is an open access article under the
other hydrolases could be related to their use as model for
studying the regulation of interfacial enzyme-catalysed
reactions; biocatalytic synthesis associated with trans-
esterification, esterification, and aminolysis in organic
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olvents; chemo-, regio-, and enantiospecificities; as well
s medical significance [5,9]. However, one of the major
bstacles affecting the utilization of lipase technology
s the production cost, where the carbon source was
eported to account for more than half of the total pro-
uction costs [10].
Based on this, several agricultural residues, including
rans (wheat, rice, soybean, barley), cakes (soy, olive,
ingelly, babassu), and bagasse (sugarcane), have been
eported to be used for lipase production [11]. Thus, oil
akes (the by-products obtained after oil extraction) are
mong the most widely utilized substrates as they contain
ome residual oils that aid in inducing lipase produc-
ion [12]. The use of babassu cake and castor meal for
ipase production by Penicillium  brevicompactum  led
o maximum yields of 48.6 U/g and 87.7 U/g, respec-
ively [13]. However, lower extracellular lipase activities
f 4.5, 2.35, 1.33, 1.68 and 1.24 U/g were reported by
haturvedi et al. [14] using groundnut oil cake, cocoanut
il cake, neem oil cake, mustard oil cake and linseed oil
ake, respectively, in the presence of Bacillus  subtilis.
n the case of castor bean waste, statistical optimization
f the medium and process parameters in the presence
f Penicillium  simplicissimum  led to enhanced lipase
roduction of 44.8 U/g [15].
Sheanut cake (SNC) is a residue obtained after extrac-
ion of fat from sheanuts (Vitellaria  paradoxa, Gaertn.),
nd it is highly abundant in most West African countries.
he annual production of shea kernels exceeds 2.5 mil-
ion tons and approximately 55% ended up as SNC
16]. Shea butter has been utilized for cooking pur-
oses, cosmetic formulations (moisturizer), cocoa butter
ubstitutes and other edible fat spreads [17]. However,
NC is basically used in feed formulation with a less than
0% inclusion rate in swine [18] and poultry feed [19].
hus, wider utilization of SNC has been limited due to
ts anti-nutritional constituents such as tannin, saponin
nd theobromine [20].
Using SNC as the main substrate for lipase produc-
ion may boost its economic value, which can be better
han its current potential as an animal feed ingredient.
his study involves the use of the one-factor-at-a-
ime (OFAT) method and statistical experimental design
face-centred central composite design (FCCCD)) to
ptimize the lipase production by A.  niger  based on
he identified medium components affecting the lipase
roduction as previously reported by Salihu et al. [21].
hus, A.  niger  was selected as a potential strain because
f its robustness, high yield of extracellular enzymes,
on-pathogenicity, non-toxicity and GRAS (generally
egarded as safe) nature as accorded by US Food and
rug Administration. Additionally, this strain showedity for Science 10 (2016) 850–859 851
the potential to reduce the levels of anti-nutrients and to
produce lipase via solid state fermentation techniques.
2.  Materials  and  methods
2.1.  Sample  collection
Sheanut cake (SNC), a by-product of shea butter fat
extraction, was obtained from local producers in Zaria,
Nigeria. The cakes were properly washed and dried at
60 ◦C in an oven. The dried samples were then milled
and sieved through standard mesh sieves to obtain 1 mm
particle sizes, which were stored in air tight plastic bags.
2.2.  Microorganism  and  inoculum  preparation
Aspergillus  niger  AS-02 obtained from the culture
stock of Mycology Laboratory, Department of Crop Pro-
tection, Ahmadu Bello University, Zaria, Nigeria was
used in this study. The inoculum preparation was based
on the method described by Alam et al. [22], where a
culture plate containing A.  niger  was washed with 25 ml
of sterile distilled water using a bent glass rod and the
suspension was allowed to pass through Whatman No.
1 filter paper. The filtrate is made up of a spore suspen-
sion that was counted using a hemocytometer, and an
inoculum concentration of 1 ×  108 spores per ml was
obtained.
2.3.  Lipase  production  by  solid  state  fermentation
Bioconversion experiments were carried out in 250-
ml conical flasks containing 20 g of fermentation media
(wet basis) using SNCs with particle size of 1 mm as
the main substrate and the other medium constituents at
varying concentrations, setting the initial moisture con-
tent to 60%. The flasks were autoclaved at 121 ◦C (15 psi)
for 20 min. A.  niger  AS-02 inoculum (108 spores per ml;
5% (v/w)) was added into each flask, followed by incu-
bation at 30 ◦C for 7 days. Following the fermentation,
0.05 M phosphate buffer (pH 7.0) was added to each
flask and the contents were shaken on a rotary shaker
(180 rpm) for 1 h at room temperature. The supernatant
was used as a source of extracellular enzymes, which
was obtained by centrifugation at 5000 × g  for 10 min.
2.4.  Determination  of  the  optimum  concentration  of
different medium  components  by  the
one-factor-at-a-time  (OFAT)  method
The Plackett–Burman design for screening different
medium components that affect the lipase production
Univers852 A. Salihu et al. / Journal of Taibah 
by A.  niger  AS-02 using SNC showed that six
medium components (sucrose, (NH4)2SO4, Na2HPO4,
MgSO4, Tween-80, and olive oil) contributed posi-
tively to production [21]. Thus, the OFAT approach
was used to determine the optimum levels of these
medium components; the concentration ranges selected
were 0.2–1.2% for Tween-80, olive oil (v/w) and
sucrose (w/w), 0.1–0.6% (w/w) for (NH4)2SO4 and
Na2HPO4, and 0.05–0.2% (w/w) for MgSO4. The exper-
iments were prepared accordingly in 250-ml conical
flasks, setting the initial moisture content, temperature
and inoculum concentration at 60%, 30 ◦C and 5%,
respectively.
2.5.  Optimization  of  media  components  affecting
lipase production
Based on the OFAT results, Design Expert soft-
ware (Stat-Ease Inc., Minneapolis, USA) was used to
determine the optimum concentrations of three impor-
tant parameters ((NH4)2SO4, Na2HPO4 and Tween-80)
influencing the lipase production using face-centred cen-
tral composite design (FCCCD) under the response
surface methodology (RSM). The design consists of 20
experimental runs (eight star points, six axial points and
six centre points) which were randomized to reduce all
sets of variabilities that can affect the response. The
selected parameters were studied at three levels, low,
medium and high, as indicated in Table 1. The relation-
ship between the dependent and independent variables
is expressed in terms of second-order polynomial
equation:
Y  =  β0 +  β1X1 +  β2X2 +  β3X3 +  β12X1X2
+  β13X1X3 +  β23X2X3 +  β11X21 +  β22X22
+  β33X23 (1)
where Y represents the dependent variable (lipase pro-
duction); X1, X2 and X3 are independent variables
((NH4)2SO4, Na2HPO4 and Tween-80); β0 is an inter-
cept term; β1, β2 and β3 are linear coefficients; β12, β13
and β23 are the interaction coefficients; and β11, β22 and
β33 are quadratic coefficients.
The coefficient of determination (R2), lack of fit, and
F-values obtained from the analysis of variance were
used to determine the adequacy of the developed model.
Thus, some sets of experiments were also performed to
validate the model with respect to all three parameters
in order to compare the experimental values with those
predicted by the model.ity for Science 10 (2016) 850–859
2.6.  Lipase  activity  assay
The titrimetric method described by Freire et al. [23]
was used to determine the lipase activity. The assay
involves the incubation of an 18 ml emulsion of 10%
olive oil and 5% acacia gum arabic in 0.05 M phosphate
buffer (pH 7.0) with 2 ml of the supernatant at 37 ◦C
for 15 min in a temperature-controlled orbital shaker. A
mixture of acetone and ethanol (1:1) was used to stop
the reaction and to extract the fatty acids. This was then
titrated with 0.05 M NaOH. One unit of lipase activ-
ity was defined as the amount of enzyme that produced
1 mol of fatty acids per minute under the assay condi-
tions. The results were expressed in units per gram of
SNC (U/g).
2.7.  Determination  of  anti-nutritional  contents
The utilization of SNC is strongly affected by the
presence of tannin and saponin as major anti-nutritional
compounds. Thus, the saponin content was determined
based on AOAC [24], which involved sequential extrac-
tion using acetone and methanol in a Soxhlet apparatus;
while spectrophotometric method described by Burns
[25] was used to estimate the tannin contents at an
absorbance of 605 nm using tannic acid as the standard.
3.  Results  and  discussion
3.1.  Selection  of  the  nutritional  components
inﬂuencing lipase  production
The effects of different nutritional components on
lipase production using SNC were studied to develop
a medium that requires minimal nutritional supplemen-
tation for enhanced enzyme production.
Different concentrations of sucrose (0.2–1.2%) were
studied because of its positive contribution to enhancing
lipase production using a Plackett–Burman experiment
[21]. Carbon sources, such as sucrose, are required dur-
ing microbial fermentation because of their contribution
in microbial cellular synthesis and metabolism [26].
Fig. 1 shows an initial increase in lipase production
with an increase in sucrose concentration from 3.03 U/g
at 0.2% to 4.46 U/g at 0.4%, and a further increase in
sucrose concentration resulted in a decrease in enzyme
activity. Most studies showed that glucose and other
glucose-containing compounds (e.g., sucrose) have a
negative influence on lipase production. However, de
Azeredo et al. [27] showed that these carbon sources
could influence the lipase activity in Penicillium  restric-
tum using solid state fermentation due to its minimum
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Table 1
Face-centred central composite design matrix with the experimental and predicted responses for lipase production.
Run Tween-80 (% v/w) (NH4)2SO4 (% w/w) Na2HPO4 (% w/w) Lipase activity (U/g)
Experimental Predicted
1 0.80 0.20 0.20 46.42 46.40
2 1.20 0.20 0.20 44.91 44.80
3 0.80 0.60 0.20 44.18 44.24
4 1.20 0.60 0.20 41.53 42.00
5 0.80 0.20 0.50 46.16 45.66
6 1.20 0.20 0.50 45.23 45.13
7 0.80 0.60 0.50 46.21 46.28
8 1.20 0.60 0.50 45.13 45.12
9 0.80 0.40 0.35 47.56 47.96
10 1.20 0.40 0.35 46.82 46.57
11 1.00 0.20 0.35 47.98 48.72
12 1.00 0.60 0.35 48.22 47.63
13 1.00 0.40 0.20 46.83 46.44
14 1.00 0.40 0.50 47.09 47.63
15 1.00 0.40 0.35 48.68 48.76
16 1.00 0.40 0.35 49.44 48.76
17 1.00 0.40 0.35 49.05 48.76
18 1.00 0.40 0.35 48.24 48.76
19 1.00 0.40 0.35 48.79 48.76
20 1.00 0.40 0.35 48.67 48.76
R2 = 0.9607; Adj R2 = 0.9253; CV = 1.15; Adeq precision = 17.802.
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Fig. 2. Effects of different concentrations of (NH4)2SO4 andig. 1. Effects of different concentrations of Tween-80, olive oil and
ucrose (0.2–1.2%) on lipase activity by A. niger using SNC as the
ain substrate.
atabolite repression. In the case of Tween-80 (Fig. 1),
he maximum lipase activity of 7.36 U/g coincided with
 1.0% concentration of Tween-80. This is in agree-
ent with what has been reported by Maliszewska and
astalerz [28], where lipase production by Penicillium
itrinum was enhanced by Tween-80. Similarly, the pres-
nce of Tween-80 resulted in 150.8% enhancement in
ipase activity by Pseudozyma  hubeiensis  HB85A [29].
hile the presence of olive oil did not result in higher
ipase production (Fig. 1), this could be related to its oleic
cid constituent, which is also present in Tween-80.
Among these three carbon sources, Tween-80, whose
arbon skeleton contains oleic acid, was found to beNa2HPO4 (0.1–0.6%) on lipase activity by A. niger using SNC as
the main substrate.
the best carbon source and it had the potential to act
as an inducer for lipase production by A.  niger  AS-02
in SNC medium. Based on these results, Tween-80 was
selected for optimization using FCCCD, while the other
components were fixed at their optimum concentrations.
The trend of lipase activity in different mineral salts
showed that both (NH4)2SO4 and Na2HPO4 contributed
greatly to lipase production (Fig. 2), where maximum
lipase activities of 7.41 U/g and 7.04 U/g were recorded
at 0.4% (w/w) each for (NH4)2SO4 and Na2HPO4,
respectively. The finding of this study agrees with what
was reported by Iftikhar and Hussain [30], where 0.4%
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based on the function of concentrations of two param-Fig. 3. Effects of different concentrations of MgSO4 (0.05–0.20%) on
lipase activity by A. niger using SNC as the main substrate.
ammonium sulphate resulted in higher lipase production
by Rhizopus  oligosporous  Tuv-31 during solid state bio-
conversion of almond meal. Additionally, Alkan et al.
[31] reported that ammonium nitrate was the best nitro-
gen source for lipase production by Bacillus  coagulans.
In case of P.  citrinum, supplementation of vegetable
oil waste with ammonium chloride and ammonium sul-
phate influenced its lipase production [32]. Similarly,
He and Tan [33] developed a soybean-based medium
that contained some inorganic salts (K2HPO4, KH2PO4,
(NH4)2SO4, MgSO4) for enhanced lipase production by
Candida sp. 99–125. The results showed that absence
of any of these salts affected both the microbial growth
and lipase activity. Maximum lipase production by Hen-
dersonula toruloidea  was achieved in the presence of
MgSO4, (NH4)2SO4, NaCl, K2HPO4 and BaCl2 [34].
Thus, in this study lowest concentration of MgSO4
(0.05% w/w) resulted in maximum lipase production
(Fig. 3), and a further increase in the concentration
affected the overall yield. This showed that low exoge-
nous magnesium salt addition coupled with its reported
concentration of 1.43 ±  0.65 mg/kg in SNC [16] was
sufficient for lipase production.
To develop an optimized medium with minimal
supplementation, three factors (Tween-80, (NH4)2SO4
and Na2HPO4) were subjected to statistical optimization
using FCCCD.
3.2.  Optimization  of  the  SNC-based  medium  by
FCCCD
This design was selected based on its ability to deter-
mine the effects of the selected parameters as well as their
feasible interactions within a limited sets of experiments.
Table 1 shows the design matrix for lipase production;
both the experimental and predicted responses were
indicated for each run. Based on the design, lipase
production ranged from 41.53 to 49.44 U/g, and theity for Science 10 (2016) 850–859
runs representing the centre points showed the highest
production (runs 15–20), while the lowest was found
in run 4.
The relationship between each response and the
selected parameters was established by the second-order
polynomial model represented in the equation:
Lipase activity (U/g) = +48.76 −  0.69A −  0.54B
+  0.59C −  1.50A2 −  0.59B2
−  1.73C2 −  0.16AB
+  0.27AC +  0.70BC (2)
where A, B and C represent Tween-80, (NH4)2SO4 and
Na2HPO4, respectively.
The analysis of variance (ANOVA) of the developed
quadratic model was found to be significant at p  < 0.05
as shown in Table 2. The model F  value of 27.158 with a
p-value of <0.0001 indicated an only 0.01% chance for
the model F-value to occur due to noise.
Thus, all of the linear terms (Tween-80 (A),
(NH4)2SO4 (B) and Na2HPO4 (C)), two of the quadratic
terms (A2 and C2) and one of the interaction terms were
statistically significant. The non-significant lack of fit
(p-value = 0.1649) from the developed quadratic model
was desirable, as it is determined based on the compar-
ison of residual error to the pure error. This indicates
that the experimental responses obtained in this study
adequately fit with the model. Additionally, the coeffi-
cient of determination (R2) is used to check the fitness
of the model, a value closer to 1 shows better correla-
tion between the experimental and predicted responses.
In this study, R2 of 0.9607 and Adj R2 of 0.9253 were
obtained, which indicate that more than 96% of the vari-
ations could be accounted for by the model equations,
leaving less than 4% as unaccounted. Thus, Haaland [35]
indicated that a coefficient of determination (R2) greater
than 0.75 was considered adequate and could explain
most of the variability associated with any model. Ade-
quate precision values of 17.802 showed the desirability
of the model because values greater than 4 are required.
In the case of the coefficient of variation, lower values
are preferred because they indicate the precision and reli-
ability of the experimental responses, and a value of 1.15
was obtained.
Two and three dimensional surface plots illustrated in
Figs. 4–6 showed the interactions of the selected param-
eters for maximum lipase production. The plots wereeters while fixing the third parameter at its optimum
concentration. The elliptical or saddle nature of the plots
indicates the level of significance of the interactions [36].
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Table 2
ANOVA of the quadratic model developed for the optimization of lipase production.
Source Sum of squares F-Value Probability > F Significancea
Model 70.5815 27.1580 <0.0001 Yes
A (Tween-80) 4.7748 16.5350 0.0023 Yes
B ((NH4)2SO4)) 2.9485 10.2105 0.0096 Yes
C (Na2HPO4) 3.5403 12.2598 0.0057 Yes
A2 6.1575 21.3234 0.0010 Yes
B2 0.9455 3.2743 0.1005 No
C2 8.1959 28.3822 0.0003 Yes
AB 0.2080 0.7203 0.4159 No
AC 0.5778 2.0009 0.1876 No
BC 3.8781 13.4298 0.0044 Yes
Lack of fit 2.0714 2.5376 0.1649 No
a p < 0.05 were considered to be significant.
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n all of the figures (Figs. 4–6), low and high levels of the
elected parameters did not give higher enzyme yields.
he elliptical contours indicated the synergic interac-
ion between the selected parameters, which resulted in
aximum lipase production by A.  niger  AS-02 using
NC. The most significant interaction based on the p-
alue (0.0044) was between Na2HPO4 and (NH4)2SO4
Fig. 6). Thus, lipase production is affected up to a cer-
ain extent by increasing the concentrations of Tween-80,
a2HPO4 and (NH4)2SO4.
The applicability of the developed model was verifiedy the sets of experiments represented in Table 3. The
esults showed good agreement between the experimen-
al and predicted responses, and the maximum lipase
roduction was 49.37 U/g at 1.0% (v/w) of Tween-80,entration of Na2HPO4 on lipase production by A. niger using SNC as
0.35% (w/w) of (NH4)2SO4 and 0.40% (w/w) of
Na2HPO4. Thus, statistical optimization using FCCCD
resulted in higher enzyme production, which was several
fold higher than the unoptimized medium. The lipase
production obtained in this study could be considered
promising, especially with regard to the substrate (SNC)
used. The findings were in agreement with previous
reports of lipase production from several oil cakes. Bio-
conversion of gingelly oil cake for lipase production by
the A.  niger  strain MTCC 2594 resulted in a maximum
lipase activity of 363.6 U/g after 72 h [37]. Imandi et al.
[38] reported the application of Plackett–Burman design
to screen different medium components for enhanced
lipase production by Yarrowia  lipolytica  NCIM 3589
using Niger seed oil cake (Guizotia  abyssinica).
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Following the screening and optimization procedures, a
maximum lipase production of 26.42 U/g was recorded.
Similarly, lipase production of 57.89 U/g by Y.  lipolyt-
ica NCIM 3589 was realized using mustard oil cake [39].
However, low lipase production of 4.5 U/g was observed
when B.  subtilis  MTCC 6008 was cultured in groundnut
oil cake-based medium [14]. In the case of P.  restrictum,
supplementation of babassu oil waste with peptone andentration of Tween-80 on lipase production by A. niger using SNC as
olive oil significantly improved the lipase production to
27.8 U/g [40].
3.3.  Effect  of  fermentation  on  tannin  and  saponin
contents
The fermentation process tends to lower the concen-
tration of anti-nutrients in different residues [41]. Thus,
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Table 3
Validation of the experimental model.
Run Tween-80 (% v/w) (NH4)2SO4 (% w/w) Na2HPO4 (% w/w) Lipase activity (U/g)
Experimental Predicted
1 1.00 0.35 0.40 49.37 48.81
2 0.95 0.45 0.35 48.89 48.68
4 1.00 0.45 
5 0.95 0.35 
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Biomass Bioenergy 37 (2012) 243–250.ncrease of protein concentration (%) with time during the bioconver-
ion of SNC for lipase production by A. niger.
. niger  was reported to improve the nutritive value of
NC by reducing its saponin and tannin contents [42].
n this study, the trend of saponin and tannin reduction
as monitored by analysing the samples every 24 h for
 period of 7 days as shown in Fig. 7. Thus, an approxi-
ately 68% reduction in saponin and 43% reduction in
annin contents were obtained based on their initial con-
entrations of 4.99 ±  0.12 mg/g and 242 ±  3.41 mg/g,
espectively. Additionally, the crude protein content of
ermented SNC (18.51 ±  0.78%) was found to be higher
han that of the unfermented SNC (13.68 ±  0.18%). The
rotein content of SNC increases with an increase in
ipase production, and a more than 35% increase in pro-
ein content was observed after 7 days of fermentation
Fig. 7).
Based on this, the reduction in tannin content could be
ttributed to the potential of A.  niger  to produce several
ydrolytic enzymes, including tannase, which hydrol-
se tannin to glucose and gallic acid [43]. Moreover, the
rganic acids produced by the organism during the fer-
entation process aid in reducing the saponin contents
s described by Annongu et al. [44]. The findings in this
tudy showed that, in addition to the lipase production,
he fermented SNC could be incorporated in feed for-
ulation based on its crude protein concentration and its0.40 48.77 48.65
0.35 49.21 48.93
reduced tannin and saponin contents because high con-
centrations of these anti-nutrients in SNC greatly affect
its incorporation in animal feed [20].
4.  Conclusion
This study involves the use of OFAT and FCCCD for
determining the possible optimum levels of the medium
components affecting lipase production by A.  niger  AS-
02 using SNC as the main substrate. Following the
validation of the statistical technique, the medium com-
ponents that led to the maximal lipase production of
49.37 U/g were 1.0% (v/w) Tween-80, 0.35% (w/w)
(NH4)2SO4 and 0.40% (w/w) Na2HPO4. The second-
order model developed here showed a good correlation
of the experimental and predicted responses with R2 and
adjusted R2 values of 0.9607 and 0.9253, respectively.
The findings in this study showed that the inexpensive
raw material SNC could be used for lipase production,
and the fermented residue contains residual nutrients
with reduced anti-nutritional components that make it
suitable for incorporation in feed formulation.
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